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INTRODUCTION
Drying is a mass and heat transfer operation widely used to reduce the water activity of the material. Convective drying is a high demanding energy operation that usually uses hot air to increase the food temperature and evaporate the water from the product.
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The effects of ultrasound are highly dependent of two main parameters related with ultrasonic transmission, the attenuation coefficient and the acoustic impedance. They correlate with some physicochemical properties of the material where the acoustic energy is applied. Attenuation is the intensity loss of the wave when it travels through the medium due to the friction of molecules provoked by the compression and dilatation stress. The attenuation capacity is a characteristic of each material and can influence on the effectiveness of ultrasound application. Thus, in solid-liquid applications, the highly attenuant liquids can prevent that acoustic waves arrive to the solids with enough energy to produce significant effects.The acoustic impedance is related with the resistance of the medium to the propagation of the acoustic wave. At interfaces, the difference of impedance between media define the amount of acoustic energy is transferred or reflected. Thus, the great difference of impedance between solid or liquid and gas media 27 makes very difficult the transmission of acoustic waves and then, the effects produced by ultrasound.
ULTRASONIC PRETREATMENTS IN FOOD PRODUCTS
When applied in a liquid medium, the acoustic waves produce cavitation. Bubbles or voids are formed, grown and collapsed due to the pressure fluctuation provoking sudden and localized increments in both temperature and pressure. 19, 27 The magnitude of the cavitation depends on the parameters of the acoustic wave (frequency, intensity) and the properties of the medium (viscosity, surface tension, vapor pressure, temperature, presence of dissolved gases). The implosion of cavitation bubbles close to the solid-liquid interface may cause the generation of a microjet into the bubble, which moves through and leave it striking the solid surface. This microjet raises the mass and heat transfers between the liquid and the solid by breaking the respective diffusion boundary layers. 12, 21 Acoustic energy during the interaction with the medium is converted into thermal energy, therefore heating is observed during the PU application. 24, 28 When the acoustic wave interacts with the solid causes turbulences in the solid-liquid interphase affecting mainly
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the diffusion boundary layer and modifying the structure of the solid. 29 Once the wave reaches the solid, alternative compressions and expansions are produced resulting in a sponge effect in the solid, which helps the liquid to flow out of the solid in an interchange with the entry of fluid from outside. This mechanical stress also can create microscopic channels that may ease the mas transport. 12, 19, 25 
DEVICES
Mostly two types of devices are used in the PU application in liquid medium: ultrasonic baths and ultrasonic probes and they differed in its effectiveness, efficiency and capability.
Commercial ultrasonic baths are available in different tank capacities, ultrasonic powers or frequencies. Adjustable wave amplitude and the control of temperature made them suitable for laboratory or industrial applications. The acoustic field produced by ultrasonic baths is very irregular due to the reflections of acoustic waves with bath walls and liquid-gas interface. Moreover, cavitation occurs heterogeneously through the tank and induces wave reflections, so the sonication effect it is unequally distributed. One of the main drawback of using ultrasonic baths is the low ultrasonic intensity capacity. The indirect application makes the wave not only has to travel through the liquid in the tank but also must cross the sample container, therefore the acoustic intensity that arrives to the sample is lower than expected; besides, the reflection of the acoustic waves in the ultrasonic bath makes the repeatability and scalability of the process very difficult. 30, 31 Ultrasonic baths have been used in the pretreatment of banana, 12, 32 pineapple,  33 guava,   19   carrot,  20, 21 apple,  34, 35 blueberry,  36 cherry,  37 malay apple,  38 melon,  26 mushrooms,   39 papaya, 40 and strawberry 38 . A direct application of PU on liquid media can be achieved by using ultrasonic probes. The different geometries of probes can permit to transmit (cylindrical) or concentrate (conical, stepped) the ultrasonic energy. 2 The sonication time depends on the specific treatment but usually ranges between 0.5 and 5 min. During the performance, the probe is immersed in the liquid medium and acoustic energy is directly
given. An intense sonication zone (ca. 100 times higher than the average ultrasonic bath)
can be identified directly beneath the probe and the ultrasonic irradiation distance is limited to a certain area of the probe's tip, therefore small volumes are recommended to keep dead zones to minimum. 16 . Ultrasonic probes have been used in the pretreatment of apple, 24, 41 guava, 19 mushrooms, brussels and cauliflower, 25 carrot, 42 22 This article is protected by copyright. All rights reserved.
Accepted Article mulberry 43 and parsley leaves. 44 Table 1 collects the description of the pretreatment conditions, drying conditions and quality parameters considered when PU was applied as pretreatment by using ultrasonic bath or probe.
PROPAGATION MEDIUM
The selection of the liquid medium used in the ultrasonically assisted pretreatment depends on of the desired outcome. Thus, the pH or solute concentration can induce a great influence in the effect of the acoustic energy on the food product and the interaction between the solid and the surrounding medium. One of the most common solution for osmotic pretreatments of fruits is sucrose dissolved in distilled water. 26, 32 Thus, the osmotic dehydration of banana, 12 pineapple, 14 guava, 19 blueberry, 36 cherry, 37 melon, 26, 45 papaya, 40 malay apple, 38 apple, 46 strawberry, 47 carrot, 48 have been carried out using sugar solutions ranging from 30 to 70 °Brix. In these studies, the acoustic assistance was done mainly by using ultrasonic baths and the applied ultrasonic power varied from 60 to 2500 W operated at 25 or 40 kHz. Garcia-Noguera et al. 47 reported that PU application using When ultrasonic bath was used, the water loss ranged from 0.11 to 0.11 g water g -1 d.m while when ultrasonic probe was used it ranged from 0.07 to 0.11 g water g -1 d.m. In all cases, the ultrasonic assistance increased the efficiency of the total osmotic dehydration process. Carcel et al. 46 reported that the higher the ultrasonic power applied the higher the solid gain and the water loss. Generally, when distilled water is used, the food product exhibits a gain of water content and a reduction of solid matter due to the mass transfer exchange promoted by the solute gradient between the food product and the surrounding media. 38, 49 These mass transport is enhanced by the PU application. As an example, Fernandes et al. 12, 14, 26 It is worth pointing out that the increase in the initial moisture content of treated samples is indicative of the water intake during the treatment, being higher due to the ultrasonic This article is protected by copyright. All rights reserved.
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waves, but this water might have a free character inside the fruit tissue, leading to a weak interaction with the solutes in the sample and an easier removal during the convective drying process under these conditions.
ULTRASONIC ASSISTED DRYING
Power ultrasound can be also directly applied to intensify the convective drying. In this case the effects of ultrasound are mainly mechanical and no significant overheating of the material being dried take place. 50 The acoustic vibration produced by ultrasound generates a successive compression and expansion of the material, leading to an stress of the structure (''sponge effect''). This mechanical force can create microscopic channels that allow an easier inner water movement. 2, 32, 51 Moreover, PU application can produce cavitation which takes place in the liquid phase inside the moist solid. The asymmetric implosions of cavitation bubbles near to the solid surface, can lead to the partial release of some water bounded to the solid structure. All these mechanical effects results in a reduction of the internal resistance to mass transport. 52 Regarding the external resistance, the acoustic waves reduce the boundary layer thickness due to different effects such as pressure variations, oscillating velocities and micro-stirring on the solid-gas interface.
The reduction of the boundary layer allows an improvement of the vapor transfer rate from the solid surface to the drying air. 28, 53 Two main handicaps must be overcome to achieve an efficient application of PU on gas media. On the one hand, the mismatch between gases and solids or liquids due to the acoustic impedance differences makes the transfer of the acoustic energy generated into the air to the solid very difficult. On the other hand, gases media are very attenuating media that significantly reduces the acoustic energy applied to the materials being dried. 20, 54 Currently different systems have been developed to efficiently transmit the acoustic energy from the emitter to the solid during the convective drying in any of its most conventional procedures: hot-air drying and low temperature drying and two different configurations have been used: contact and contactless systems. 16, 53, 55 A first attempts to apply power ultrasound in drying processes was carried out by direct contact between transducer and samples. Thus, ultrasonic vibrations are directly transmitted to the sample. Stepped plate transducers constitute a good option as a contact system due to their high radiating surface. Some average characteristics of these kind of This article is protected by copyright. All rights reserved.
Accepted Article transducers are a beam width (at 3 dB) of 1.5 degrees, power capacities up to 2 kW, and intensity levels reached in air as high as 175 dB. Its efficiency ranges about 80%. 53, 55, 56 The good acoustic impedance matching between the stepped plate transducer and the food material favors the deep penetration of acoustic energy. These systems showed a very intense effect which can be increased if low static pressure is applied on the sample. This system has been used in the drying of apple 53 and carrot. 57 Nevertheless, the scaling up of these option to an industrial level is quite difficult. 13 Another ultrasonic system used consisted of a ring sonotrode driven by an ultrasound processor which works at a frequency of 24 kHz. Although the system was initially created for ultrasonic sieving, it was equipped with a laboratory drying screen where the sample could be placed and the acoustic energy transmitted. 58 The whole system is placed inside the drying oven and the drying air passes perpendicularly to the sample. This system has been used in the drying of potato, 59 apple 60 and bell pepper. 61 When drying at 70 °C, compared to non-sonicated samples, the use of the ring sonotrode promoted savings in the drying time of 10, 27 and 23% in potato, apple and red bell pepper, respectively.
The development of specific ultrasonic transducers with higher power capacities have partially solved the problems observed in the contact systems application. 62 One of the most popular contactless system is the aluminum vibrating cylinder (AVC) driven by a 74 (first 10 min). These authors concluded that dosing the microwave radiation improved the drying kinetics without risking the quality of the dried product which can be affected by the vibration and heating effect. In both studies, the energy consumption was significantly reduced in 50 and 20%, respectively. Table 2 collects the description of the drying conditions and quality parameters considered when PU was applied to intensify the drying process.
ON THE QUALITY OF THE DRIED PRODUCT
During drying, food products undergo physical, structural, chemical, organoleptic and nutritional alterations that cause quality changes. The extent of the changes depends on the characteristics of the food matrix, and the process conditions. These process conditions includes the combination of pretreatment (if any) and drying and the assistance of power ultrasound on the pretreatment or during drying. Therefore, the process variables and the PU parameters should be selected properly to limit the irreversible changes in the food quality that risks its commercial acceptance in the market.
STRUCTURE
As it was mentioned before, ultrasonic waves induce structural changes that can make easy the mass transport. Those structural changes have been analyzed by means of techniques like scanning electron microscopy (SEM), 37, 64, 72, 75 cryo-SEM 4, 68, 70 or light microscopy. 26, 38, 41, 47, 49 The extent of these changes mainly depends on the ultrasonic intensity and the porosity (ε) of the food product. Thus, the sponge effect is more important in high-porosity products (like eggplant or orange peel) due to the large intercellular spaces, therefore a lower ultrasonic intensity level is needed to promote the water removal.
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In the pretreatment of melon (ε=0.133) 76 using osmotic solutions (25 -70 °Brix) without acoustic assistance, the cell wall weakened due to solubilizing of pectin together with the high osmotic pressure, therefore water transport became easier and effective water diffusivity increased. 26 However, when PU was applied on a middle porosity product like strawberry (ε=0.471) 76 using an ultrasonic bath (25, 40 kHz, 4870 W m -2 ), smaller and needle shaped cells were observed proving the formation and appearance of microchannels formed by the elongation and flattening of cells in some regions of the sample. 47 In apple (ε=0.233) 4, 76 , the PU application by means of an ultrasonic probe (2.1, 19.9 W cm -2 ) using distilled water as medium promoted a relative increase in cell separation and cellular collapse probably associated with extensive damage to the cell walls and membranes produced by the acoustic waves. This damage was more evident when low-pH media like apple juice or 1% citric acid solution were used. 24 The effect of the PU application during the convective drying on the structure of the product has been also studied. As an example, when PU was applied during hot air convective drying of eggplant (ε=0.423) 77 at 40 ºC (1 m s -1 ), the alternating expansions and contractions promoted the degradation of the endocarp cells, the effect was more intense at a lower acoustic power of 18.5 W L -1 (3.5 h) than when the acoustic power was of 37.0 W L -1 (1.8 h). 70 However, these authors observed that eggplant samples dried without ultrasonic assistance exhibited a more noticeable degradation of the endocarp cells, which was related to the longer extension of the drying process (7 h). In orange peel (ε=0.330) 4 drying (40 °C, 1 m s -1 ), the albedo was disrupted by the drying air and the cell tubular shape disappeared while the water is released. The PU application (21.7 kHz; 45, 90 W) promoted a higher collapse of the cell structure due to a more intense disruption of the albedo cells. Also, the spread of waxy compounds (flavedo) in the coticule was more evident when PU was applied. 68 When applying PU on low-porosity products like cassava 4 or potato 59 changes in the microstructure were observed but in a lower degree. Probably, the dense structure of these products makes difficult the transmission of ultrasonic energy at the interface with the drying air and this fact did not allow the creation of microchannels for the removal of moisture from the inner cell layers. Cassava (ε=0.029), with a hard and compact structure
Accepted Article composed by tightly-joined cells along the cell walls did not exhibited a severe structure change after the PU application (6 -31 kW m -3 ) during drying at 40 °C; however, compared with the not acoustically assisted sample, an increment in the De figure from 7 to 56% was observed. 4 Cell injury was measured in potato (ε=0.060) cylinders during drying (70 °C) assisted by PU application (42 W) using a ring sonotrode. 59 It was observed that the extent of the cell injury was directly related to the acoustic energy applied instead of the water removal achieved, it was also observed that the injury was strongly reduced in the inner layers of the sample being more noticeable in the surface of the samples.
The combined effect of ultrasound application and drying temperature can significant influence the structure of the product. In this sense, ultrasonically assisted drying with acoustic densities of 18.5 and 30.8 kW m -3 at high temperature air drying of apple (ε=0.233) 4 showed that the disruption of the cell structure and enlargement of the porous, being more evident at 30 °C than at 50 °C (shorter drying time); however at 70 °C, the tissue was clearly devastated, and cells collapse, holes and disruptions were observed. 64 Wen drying took place at low temperature with an applied acoustic density was of 20.5 kW m -3 , the structure of apple dried at -10 °C was more porous than the one dried at 10 °C, probably as consequence of the growth of crystals during the sample's freezing.
Nevertheless, the PU application induced a greater degradation of the sample structure at both temperatures which was reflected in the appearance of more pores with higher diameters. 23 
REHYDRATION CAPACITY
Rehydration takes place in three different stages: the imbibition of water into the dried material, the swelling, and the leaching of soluble solids, and its rate is linked to the cellular damage and the structural disruption suffered by the sample during the drying process. 34, 78 As a general rule, the application of PU before or during the drying process promoted an increment of rehydration capacity (RC) of dried samples compared to samples dried without PU application. Moreover, in some cases, the lower acoustic intensity applied, the higher RC observed. For instance, the RC of dried mushroom, Brussel sprout and cauliflower was studied at 80 °C in samples acoustically treated before drying using either an ultrasonic bath (0. Accepted Article 2 ). 25 In this study, the highest RC was achieved in samples pretreated at the lowest acoustic intensity (ultrasonic bath) during the shortest time under studied (3 min), while the samples dried without pretreatment showed the lower RC. The application of a higher acoustic intensity during pretreatment provoked the loss of turgor and the deterioration of the cell wall, therefore the loss of the rehydration capacity of these dried vegetables.
Fijalkowska et al. 34 acoustically pretreated (3 -4 W cm -2 ) apple slices for 30 min, and then dried them at 70 °C, 2 m s -1 . These authors reported that after 3h of rehydration at 20 °C no significant differences were observed among pretreated and untreated samples.
However, Mothibe et al. 41 observed that PU application by using an ultrasonic probe ( did not lead to greater final water absorption after rehydration at 30 °C compared with the sample dried without acoustic assitance. 79 Similarly, the PU application (76 -110 W) during freeze drying (-30 °C) of red bell pepper did not promote a significant change of the RC (using boiling water) compared with sample dried without acoustic assistance.
WATER MOBILITY
The modification of the structure of the sample (cell walls deformation, lysis of membranes, tissue shrinkage) plays an important role in the mobility of water and solids during processing. 24 Time domain nuclear magnetic resonance can be used to obtain
Accepted Article information about cellular modifications of biological tissues during pretreatment and/or drying, considering that different subcellular compartments are characterized by specific water-solutes ratio ranges, leading to different transverse relaxation time (T2) values. 41 The water mobility after pretreatment by immersion in assisted by PU application was studied by Rodriguez et al. 24 in Granny Smith apple after the pretreatment and by Mothibe et al. 41 in Red Fuji apple before and during drying process (70 °C). In the first case, compared with the raw sample, treaded ones exhibited longer T2 figures in all the compartments under study: cell wall, cytoplasm and vacuole. During the pretreatment, a water movement from the vacuole to the cytoplasm was observed because of the structural changes. This effect was more noticeable when PU (2.1 and 12. 9 kW cm -2 ) was applied during soaking, besides significant both water intake and solute transfer to the soaking medium. The authors concluded that these increments in mass transfer were due to the modification of the original cellular organization and subcellular structures of the vegetal tissue promoted by ultrasound. In the second case, after 5 -15 min of acoustically treatment (200 W) the water intake and its free character inside the tissue led to longer T2
figures. During drying, the T2 figures in all cellular compartments decreased, specially the one corresponding to the vacuole compartment, which suggests that most of the water loss was removed from this compartment which is related to the volume shrinkage of the whole cell.
COLOR
The color change in a food product may affect the overall acceptability of the product by the consumers, therefore it should be considered when designing a drying process. 18, 80 In the CIELab uniform color space, L * indicates lightness, a * is the chromaticity on a green (−) and red (+) axis and b * is the chromaticity on a blue (−) and yellow (+) axis. These three parameters are included in the estimation of the color difference ΔE to the raw sample. ΔE figures higher than 2.0 might lead to noticeable differences in the visual perception of consumers. 81 Different trends were observed regarding the effect of PU on the color of food products when applied as pretreatment. Kek et al. 19 reported that sonicated (20 kHz, 400 W) guavas immersed in either 35 or 70 °Brix solutions at 30 °C were darker and greener than the raw ones (whitish green) and ΔE figures of 3.0 and 6.0 were observed. Fijalkowska et al. 34 This article is protected by copyright. All rights reserved.
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reported that ultrasonic pretreatment modified the color of the apple tissue (var. Idared).
In this study, using ultrasonic baths, at an ultrasound frequency of 21 kHz (3 W cm -2 ), the L * , a * , and b * figures increased; however, at a frequency of 35 kHz (4 W cm -2 ) the opposite outcome was observed. The ΔE figure of the non-sonicated samples was of 3.7, while for sonicated apples it was of 6.0 (3 W cm -2 ) and 3.6 (4 W cm -2 ). Similar findings were reported by Rawson et al. 42 in carrots. In this study, after 3 -10 min treatment using distilled water at 25 °C and acoustic assistance by means of an ultrasonic probe (78 -190 W), samples dried at 60 °C exhibited a ΔE figure between 9.5 and 10.0, while blanched samples without acoustic assistance exhibited a ΔE figure lower than 7.5.
The PU application (35 kHz, 480 W) during the pretreatment of mushrooms using distilled water (30 min, 30 °C) was studied by Çakmak et al. 39 The ΔE figure of dried samples (50 °C) decreased from 22.1 (no sonicated) to 3.36 (sonicated). Mothibe et al. 41 reported that after drying at 70 °C, L figures in ultrasonically treated apples, tended to decrease with increasing exposure time to ultrasonic waves (25 kHz, 200 W). This might be because ultrasound destruction of cells might have released enzymes responsible for browning to the surface leading to dark color. In convective drying of melon at 60 ºC, acoustically pretreated (25 kHz, 4780 W m -2 ) samples using distilled water led to brighter (lower L * figures) samples than those dried without pretreatment; however, regarding the ΔE figure no significate differences were observed between them. 45 Stojanovic et al. 36 studied the effect of the sonication (850 kHz, 100 W) on the color change in blueberry using a 55 °Brix solution at 21 °C during 3 h, followed by a convective drying at 70 °C during 10 h. They reported ΔE figures lower than 2.0 before drying and around 6.0 after drying. However, no significant effect of the PU application was observed.
The change of color has been related to the degradation of biocompounds during processing. For instance, osmotic dehydration (40 and 60% fructose for 2 h at 25 °C) of carrot promoted a very negative effect in the color of the dried product (30 min of heating at 70 °C, 5 min of cooling at 21 °C) being the ΔE figure of 14.4; however, when the osmotic dehydration was ultrasonically assisted (38 kHz, 320 W) the ΔE figure was lower (9.0). This situation was related to a higher preservation of carotenoid compounds. 48 Kowalski et al. 82 reported that the dying (60 °C) of cherries led to a degradation of anthocyanins revealed as a color change (red color) by a decrease of L * and a * parameters.
In this study, cherries were osmotically dehydrated ( 
ANTIOXIDANT ACTIVITY
The compounds with multiple biological effects presented in fruit, vegetables and plant extract corresponded mainly to vitamins C and E, polyphenols, carotenoids and compounds of the Maillard reaction. The major property of them is their radicalscavenging capacity, which is involved in their antioxidant properties. 83 The knowledge of the antioxidant activity of food products and the effects of processing conditions on it allows to determine the protection against oxidation and the deterioration of the food that diminishes its quality and nutritional value. The effect of sonication as pretreatment on
Accepted Article the antioxidant activity (AA) depends on the product considered. Romero et al. 22 reported that the sonication (24 kHz, 38 -76 W cm -3 ) applied on blackberry using distilled water at 15 °C during 10 -30 min promoted a significant reduction of the AA (FRAP assay).
Without sonication, samples exhibited a reduction of 5% during the treatment while the application of acoustic energy promoted a reduction up to 90% (30 min, 76 W cm -3 ). In this study, the increase of the acoustic intensity applied was more harmful than the sonication time. Stojankovic et al. 36 reported that the osmodehydration (3 and 12h, 55 °Brix) of blueberry samples promoted a reduction of 50 % in the AA (DPPH assay) compared with the fresh sample (30 %), however no effect of the PU assistance was observed. After drying (10 h, 70 °C) the reduction of the AA was higher than 50 %.
A positive effect of sonication carried out at 75, 226 and 373 W cm -2 on the AA of cashew bagasse was found by Fonteles et al. 75 According to these authors, the acoustic treatment during 2 -10 min promoted a raise of the AA from 275 (untreated) to 500 -650 μmol ) during 10 min before convective drying at 60 °C promoted a slight increment of 6.9% of the AA measured by FRAP assay compared to the untreated dried sample; nevertheless, no significant differences were observed regarding the AA measured by ABTS assay among untreated, treated without and with sonication samples. 43 According to these authors, although the acoustic pretreatment led to a solid loss, the reduction in drying time promoted could alleviate the damage caused by thermal energy, therefore, conserving of the AA in the dried product.
Rodriguez et al. 33 The effect of PU application during convective drying of Granny smith apple has been studied by Rodriguez et al. 64 and Santacalina et al. 65 In the first study, using hot air (30 - 71 This degradation could not be related to any heating effect from the acoustic energy; however, ultrasound could provoke severe structural modifications, degrading cell wall components and making the enzyme release and so the phenolic oxidation easier. 68 do Nascimento et al. 72 Accepted Article oxidation reactions which maintain the AA when is applied at lower temperatures. On the other hand, it affected negatively the AA when applied at higher temperatures due to a negative synergy effect of thermal and acoustic energy.
BIOACTIVE COMPOUNDS
The PU applied as pretreatment or during convective drying may shorten the drying time, thus favoring the bioactive compound retention which is highly beneficial for the final quality of the dried product. 37 Plants produce an extraordinary diversity of phenolic compounds which are excellent oxygen radical scavengers. 84 In general, studies carried out in blueberry, 36 cherry, 37 mushroom, 39 and carrot 85 reported that the PU application as pretreatment before drying However, after drying (60 °C) the TPC increased, so the final loss was only between 10 and 25%. This increment can possibly be explained by the release of more bound phenolic compounds from the breakdown of cellular constituents during the drying that did not migrate during the pretreatment.
When convective drying was acoustically assisted, the PU application (18.5 and 30.8 kW m -3 ) allowed a better preservation of phenolic compounds in apple 64 and passion fruit peel 72 when lower temperatures were used (30 and 40 °C), but when higher temperatures were used (50 and 70 °C) the ultrasonic assistance promoted a higher degradation of these compounds. Cruz et al. 71 reported that TPC were more sensitive to ultrasound application (45 W), since acoustically assisted dried samples exhibited a TPC 18.4% and 31.0% lower than the non-assisted samples. A negative effect of PU (20.5 kW m -3 ) application was also observed during the freeze drying (-10 -10 °C) of apple. 65 The average loss of was significantly higher (41%) in samples acoustically assisted than the one found in nonultrasonically assisted samples (31%) at every temperature tested. This fact could be linked to the structural damage of cells brought about by ultrasound
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Carotenoids determine the color and the nutritional quality of many dried fruits and vegetables. They are very stable in the fresh tissue but unstable by the action of heat, light and oxygen, The carotenoid content has been measured in papaya, 40 carrot 42 and melon 45 when PU was applied during pretreatment. Azoubel et al. 40 pretreated papaya slices using a distilled water or a sucrose solution (56 °Brix) at 34 °C during 10 -30 min. The ultrasound frequency was 25 kHz, and the intensity was 4870 W m -2 . After drying (70 °C) the carotenoid loss in untreated samples was of 76%; however, in acoustically treated samples immersed in water the loss ranged between 60 and 69% and still, the loss was lower and ranged between 35 and 54 % in samples immersed in sucrose solution.
According to the authors, a sugar barrier layer can be located at the sample's surface when using osmotic solutions that limited the contact between the fruit and the oxygen during drying, reducing carotenoid oxidation. Similarly, Dias da Silva et al. 45 This article is protected by copyright. All rights reserved.
for the others drying experiments, samples exhibited losses of both biocompounds, however the loss was lower in the acoustically assisted dried one.
Berries and cherries are well known by their anthocyanin content and its strong antioxidant and anti-inflammatory activities. 82 Stojanovic et al. 36 reported a negative effect of the PU application (850 kHz, 100 W) in osmotic conditions in berry. After treatment, the loss of anthocyanin content was of 50% and after drying it reached 82%, while the untreated sample exhibited a loss of 68% after drying. Similarly, in drying cherry, Siucinska et al. 37 found that the PU application in osmotic conditions promoted a reduction of 30 -48% before drying, and it increased to 50 -67% after drying. The highest retention was observed when cherries were osmodehydrated up to 60 min, longer pretreatment times promoted a higher degradation.
The chlorophyll content of parsley and mulberry leaves has been considered as quality parameter by Sledz et al. 44 and Tao et al. 43 In the first case, the pretreatment of parsley leaves was carried out with an ultrasonic power of 300 W using distilled water at 22 °C 
VITAMINS CONTENT
Regarding vitamin C, Kek et al. 19 reported that after drying, the acoustically treated guavas under osmotic conditions exhibited the lowest vitamin content and it was 4-17%
lower than the untreated sample, however with a 70 °Brix solution, the reduction was less which might be related to a lesser cavitation effect produced in viscous liquids. The sonication induced an increment in the vitamin C content of cashew apple bagasse, and it was justified due to the cell disruption and the release of the intracellular content. After drying, a reduction of the vitamin C content was observed, however, sonicated samples exhibited a higher final content (6 times) than untreated ones. 75 In pineapple, the This article is protected by copyright. All rights reserved.
Accepted Article sonication promoted a reduction of this vitamin ranged between 15 -40%, possibly related to the leakage of solids into the soaking medium; however, after drying, the final vitamin C content of treated samples was higher (250 -275%) than the untreated one.
The reduction of the drying time and thus, the time exposed to high temperature is one of the main factors towards reducing the loss of vitamin C. 33 Frías et al. 57 reported retention figures of 82-92% when blanched carrot were acoustically dried (100 W) while a retention lower than 50% was observed in not acoustically dried samples. 51 Szadzinska et al. Rodriguez et al. 24 measured the PPO activity in apple after sonication. A reduction of 13 -58% of the PPO enzyme activity was observed, being the best inhibitory results those obtained when citric acid was used as the soaking medium and the highest acoustic intensity was applied (12.9 W cm -2 ). In both cases, authors related the inhibitory effect with the intense pressures and shear forces generated by ultrasonic waves that denature the protein.
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CONCLUSIONS
This review meant to give a general outline of the research works covering the application of power ultrasound in the intensification of the drying of fruits and vegetables. All included papers covered the study of the effect of power ultrasound application on the different quality parameters of the food product, either when the application has been carried out as pretreatment before drying, or during the drying process itself. From the results obtained by various authors, the effects of ultrasound application on the product quality differed according to the system where it was applied: as pretreatment (liquid) or during drying (gas), the acoustic intensity applied, and mainly due to the nature of the food matrix.
According to the authors cited in this review, the application of power ultrasound as pretreatment by means of either ultrasonic baths or ultrasonic probes and using as liquid medium distilled water increase the reduction of the solid content together with the increment of the moisture content from. When osmotic solutions were used, the effect of the power ultrasound application was observed as the enhancement of the mass transport, increments in the solid content and reductions of the moisture content were observed in the treated products.
The transport of solids and water between sample and medium under the acoustic waves, promoted also the leakage of important biocompounds which affect mainly the appearance (color) and the nutritional quality of the treated and dried product. The sponge effect which affects the internal structure of the sample, promoting the movement of solids outside of the sample can be one of the main effects of ultrasound responsible of this. However, the acoustic energy applied during the pretreatment allowed the bond breakage between the cellular matrix and the strongly attached fraction of these biocompounds, so the leakage can be compensated by the release of this fraction. As a result, a higher bioavailability of these biocompounds was achieved. However, despite the higher bioavailability, the thermolabile character of these biocompounds together with the thermal energy given to the system during drying promoted a reduction of their content in the dried product. It is worthy of pointing out that in almost all cases the content of these biocompounds in dried acoustically treated products was higher than the one in non-treated dried products.
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The use of osmotic solutions during pretreatments was reported in few papers. The high viscosity of these solutions, diminished the cavitation effect produced by acoustic waves and then reduces the effects of ultrasound. On the contrary, after treatment a sugar barrier on the surface of the product could reduce contact between the product and the oxygen during drying, therefore less oxidation.
The application of power ultrasound during the convective drying affected in different levels the quality of the dried product and similarly to the application as pretreatment, that is, the effects varied according to the nature of the sample and the type of drying carried out. The application of PU, on one hand, promoted an intensification of the drying process and then limited the oxidation reactions which maintain most of the biocompounds intact when it was applied at lower temperatures. On the other hand, it affected negatively the biocompounds when it was applied at higher temperatures due to the synergy of thermal and acoustic energy.
Increments in the vitamins B1, B2, B3, and B6, availability after acoustically assisted drying were observed in few cases, but they corresponded to specific drying settings (air velocity and temperature, ultrasonic intensity), not being this positive effect observed under other different drying conditions. The increments were linked to higher detachment of these vitamins from its bound to the apoenzyme which was induced by the ultrasound application. The degradation of vitamins vitamin C, E and B5 was related to their free character in the food matrix, which made them more susceptible to thermal and acoustic energy.
Regarding enzyme activity, acoustic assistance as pretreatment or during drying promoted a significant reduction of it due to denaturation of the enzyme protein.
The application of power ultrasound to intensify drying has been deeply studied by food technologist and it is still avid of more research focus on the optimization of the use of this technology in terms of the quality of the dried product. Effects are widely diverse among products under study, so major effort must be done to cover a widely variety of product and to take this technology from laboratory scale to industrial level.
